Background. In developed countries invasive listeriosis is an infection of great concern to public health to due its clinical severity and high fatality rate, despite its low incidence. In Europe, statistically significant increasing trends in listeriosis notification rates from 2005 to 2009 were noted in Austria, Denmark, Hungary, Italy, Spain and Sweden. Materials and methods. The standardized techniques based on phenotype to typing Listeria monocytogenes is the serotyping. In Europe, as elsewhere in the world, about 95% of L. monocytogenes strains isolated from clinical and food samples belongs to serovars 1/2a, 1/2b, 1/2c and 4b. Results. The target of this work is to draw attention to this important and atypical foodborne disease, reporting epidemiological data and serotypes distribution of 251 human L. monocytogenes isolates reported during 2000-2010 to Veterinary Public Health and Food Safety Department of Istituto Superiore di Sanità, focusing on epidemiological trend of invasive listeriosis in Lombardia, a North Italian Region. The serotypes most frequently identified are 1/2a, 4b, 1/2b (in total 92%), but the detection of uncommon serotypes is not missing (1/2c, 3a, 3b, 4d). Conclusions. In Italy the surveillance laboratory network, as well as the foodborne disease network (ENTER-NET), has revealed in the last 11 years an increase trend of listeriosis cases reported likewise with results of Notificable National Infectious Disease surveillance System. This is probably due to a real increase of listeriosis, even if there is a greater sensitivity of the network in some regions.
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INTRODUCTION

Listeria monocytogenes (L. monocytogenes) is a
Gram-positive, facultative intracellular bacterial pathogen that can cause a severe invasive disease (listeriosis), mainly in immunocompromised and elderly individuals, and pregnant women, characterized by sepsis, meningitis and miscarriage [1] . In Europe, invasive listeriosis is an infection of great concern to public health due to its clinical severity (hospitalization rate > 90%) and high fatality rate (20% to 30%), despite its low incidence (0.4 cases per 100 000 population), compared to salmonellosis and campylobacterios that have the highest incidence in all European countries (respectively 23.7 and 45.6 cases per 100 000 population) [2] . Based on the reported fatality rates and the total numbers of reported confirmed cases, it is estimated that in 2009 there were approximately 270 human deaths due to listeriosis, 90 deaths due to salmonellosis and 40 deaths due to campylobacteriosis in the European Union [2] . Both sporadic and epidemic human listeriosis cases are associated with the consumption of contaminated foods [2] . Statistically significant increasing trends in listeriosis notification rates from 2005 to 2009 were noted in Austria, Denmark, Hungary, Italy, Spain and Sweden [2] . Over the last years, many reports from European countries have shown an increase of illness in older age while pregnancy-related cases is stable [3, 4] . In the various countries, the main information on invasive listeriosis incidence come from notificable infectious diseases surveillance system. Since 1993, the reporting of listeriosis has been mandatory in Italy, and from 1996 epidemiological data are available Human infections of L. monocytogenes are often sporadic cases and investigation on the transmission route, such as the identification of outbreaks, is complex because of the long incubation period of the invasive infection (sometimes even several weeks) and because of the probable high number of asymptomatic or paucisymptomatic infections in people exposed to the same infection vehicle (5% of healthy carriers in the population). It follows from this that also the contemporary exposition of several people to the same food may result in little numbers of non simultaneous cases. Epidemiological survey of listeriosis needs then the support of microbiological analysis (pheno-and geno-typing) to identify cellular clones diffusion and epidemic clusters occurrence [5, 6] . Numerous discriminatory methods have been described for subtyping this organism [7] . Pulsed-field gel electrophoresis (PFGE) typing has rapidly become the standard subtyping method for investigating listeriosis outbreaks [8] . Nevertheless, for epidemiological monitoring of food and human isolates, serotyping is still required as a first level of discrimination [9] . Although 13 serovars are described for the species L. monocytogenes [10] , at least 95% of the strains isolated from clinical and food samples belong to serovars 1/2a, 1/2b, 1/2c and 4b [2, 11, 12] .
The target of this work is to draw attention to this important and atypical foodborne disease, reporting epidemiological and microbiological data collected, during 2000-2010 by Veterinary Public Health and Food Safety Department (DSPVSA) of Istituto Superiore di Sanità, focusing on epidemiological trend of invasive listeriosis in Lombardia Region. Indeed this Italian region (about 10 million people) reports to DSPVA the largest number of cases, and recently has strengthened surveillance laboratory network, combining it with reports of notificable infectious disease system called MAINF (Malattie Infettive -Infectious Diseases). We report results of L. monocytogenes isolates serotyping; further molecular analysis results for epidemiological purpose are not discussed here. Data and strains collection is founded on surveillance system with voluntary adhesion. These activities are referred to DSPVSA of Istituto Superiore della Sanità. Each member of this network provided several strains. The Surveillance System of Invasive Bacterical Disease, coordinated by Department of Infectious, Parasitic and Immune-Mediated Diseases of Istituto Superiore di Sanità, provided 38 strains, the surveillance system ENTER-NET Italia 7 strains and other laboratories 68 strains. In total, 138 strains have been provided by the surveillance special system of Lombardia, begun in 2006, due to the joint action of Lombardia Region and center of Enteric Pathogens -University of Milan (cEPIS). This Italian region surveillance program is performed with the delivery of every L. monocytogenes strain isolated from hospital laboratories and compilation of an informative form. To combine results of regional and national surveillance, the form has been agreed with DSPVSA of Istituto Superiore della Sanità. Furthermore, the regional cEPIS managed the database and performed link to MAINF system.
MATERIALS AND METHODS
Materials
Methods
DSPVSA performs serological characterization of L. monocytogenes clinical isolates by Multiplex PcR [13] and sero-agglutination, referring to the serovars classification developed by Seeliger and Hohne [10] . We have built a specific database for the analysis of epidemiological and microbiological data.
RESULTS
In the last 11 years, the DPVSA laboratory has collected 251 human strains, from blood (61.3%) and (Figure 1 ).
More frequent serotypes identified are 1/2a (46.6%), 4b (30.7%) and 1/2b (14.7%). The trend of the 3 most frequent serotypes in Lombardia is the same of the Italian one; we remark that in 2004 no serotypes 1/2b and 4b were detected neither in Lombardia nor in the whole country (Figure 1) . The identification of serotype 1/2a has increased in the latest years (+12%), whereas the frequency of isolation of serotype 1/2b has decreased after 2006. In last years there have been more uncommon strains (3.3%), as 3a, 3b and 4d. In Lombardia, 55.9% is 1/2a and 27.6% is 4b; 1/2a and 4b are more frequent serotypes also in Emilia Romagna (23.7% and 44.7% respectively), the second region with higher number of infection of listeriosis in Italy (15.6%).
Report forms were often uncompleted. Information about sex and age were provided in 218 cases (89.7%): the ratio between males and females is 1:1, with the exclusion of the first group of age, in class 0-14 years old, in which is 2:1. Information about the age is given in 195 cases (80.3%): 10.3% cases occurred in class under 1 years old, 6.6% in class 1-30 years old, 27.7% in class 31-60 years old and 55.4% in class over 61 years old. The distribution of the serotypes by age shows that 1/2a is more frequent in every age group, 
DISCUSSION
The increasing trend of the cases of infection by L. monocytogenes in the last 11 years is probably attributable both to a real increase of listeriosis in Italy as elsewhere in Europe [2, 3] and to surveillance implementation; particularly in the last 5 years surveillance sensitivity has improved on account of laboratory-based network started in 2006 in Lombardia (1/6 of total Italian population, but about half of L. monocytogenes strains collected).
Altogether about 80% of cases is reported in the centre-North of Italy and, even if it is possible to suspect a different incidence due to different food practice, this amount could suggest that there is an underreporting in the south of Italy especially.
Listeriosis pregnancy-related is 9.9% of total cases in Italy, while in Europe is 12% [14] ; the rate is probably underestimated because the microbiological investigation is not always performed, even in a miscarriage or premature birth, and also influenza-like illness of pregnant women is not tested for L. monocytogenes infection. In the last years the number of listeriosis pregnancy-related cases is dramatically increasing, on the contrary the percentage, indeed the trend is the same between the total cases and pregnancy-related form in 2000-2010. During this time period no seasonal trends were observed in listeriosis incidence.
The serotype distribution changes in time and in space. comparing to previous years, from 1990 to 1999 [11] , in the last eleven years there is an increasing of cases due to 1/2a and a decrease of the cases due to 4b serotype. This change is reported also from other European countries like Finland, Great Britain, Switzerland, Denmark and Sweden, in addition to extra-European countries [12] . The serotype shift can be related to blood stream infection, that is becoming a more common clinical presentation than meningitis, and where serotypes 1/2a is more frequently isolated than serotype 4b (Table 1 ). The rate of isolation of serotype 4b is higher among patients suffering from meningoencephalitis than in patients suffering from blood stream infection, indicating that strains of serotype 4b may be more virulent in so far as is more able to pass the blood-brain barrier.
More patients with predisposing conditions seem to suffer from blood stream infection due to L. monocytogenes than meningoencephalitis. The reason for this finding may be that the bacteremia is the first step towards the bloodstream to reach the central nervous system or nowadays use of blood culture is more frequent in cases of "hyperthermia patient" with more opportunity to capture the primary stage of infection. A likely explanation is that patients with predisposing conditions are in closer contact with the health system and, therefore, are more likely to have drawn blood for culture in case of fever than a person with no predisposing condition [15] .
In north Italy the prevalent serotype is 1/2a (47%), while in the centre is 4b (44%); but the number of the collected cases is so different that not comparison between the geographical areas is achievable.
In recent years (2006, 2009 and 2010) , in Italy, eight cases of listeriosis have been associated with uncommon serotypes (3a, 3b and 4d), with two cases pregnancy related (Table 1) . To date, in Europe as elsewhere in the world, no case linked to these uncommon serotypes has been reported, with the only exception for serotype 3a, which is also reported from Finland where caused an serious outbreak transmitted by an unusual vehicle (pasteurized butter) involving 25 patients and determining a very high fatality rate (about 40%) [16] . Further analysis will be needed to explain the emergency of these uncommon serotypes, including food microbiological analysis to verify in which kind of food these serotypes are present, and genotyping analysis of strains to verify likely change in virulence.
The unsatisfactory degree of completeness in the compilation of the laboratory report forms is stressed from the data analysis and is attributable to a bad communication between clinicians and microbiologists; moreover, the laboratory collection can not load of clinical data because the database would be very complex and repetitive, indeed some epidemiological data are also reported in the report forms from notificable infectious diseases surveillance system. A statistical analysis performed linking two databases (from notificable infectious disease system and laboratory network) is more simple and useful to carry out an integrated surveillance system. In Lombardia Region an epidemiological integrated surveillance has begun and the same procedure can be extended to other Italian geographical areas and considered for other infectious diseases especially about food-borne diseases.
CONCLUSIONS
In Italy the surveillance laboratory networtk, as well as the foodborne disease network (ENTER-NET), has revealed in the last 11 years an increase trend of listeriosis cases reported likewise with results of Notificable National Infectious Disease Surveillance System. This is probably due to a real increase of listeriosis, even if there is a greater sen-orIgInAl ArtIcles And reVIews sitivity of the network in some regions. Listeriosis is a serious and preventable foodborne infection for which vulnerable populations and high risk foods have been known since many decades. While surveillance can be further enhanced to develop food safety policy into the future, it is important the well established vulnerable populations are protected as soon as possible. Education of consumers, especially those who fall into the high risk groups, about highrisk foods will be necessary to keep morbidity and mortality due to listeriosis as low as possible.
An efficient surveillance system is a responsibility shared by many patterns in the epidemiologic and public health services, in microbiological laboratories, both in medical and veterinary fields. close collaboration between general physicians, microbiologists and epidemiologists is required to collect complete information about listeriosis, including outcome.
This surveillance system, in spite of the voluntary reports of L. monocytogenes, will enrich the epidemiological knowledge of listeriosis in Italy, through joint analysis of epidemiological and microbiological data. Also data presented in this study show the importance of voluntary reports, that allow to collect information, like clinical aspects, predisposing conditions, including pregnancy, and serotypes. All these elements, that are not collected through the national reporting system, are very important to give information to EcDc that requires these set of data to estimate the burden of this important foodborne disease.
